Abstract---
is called a random sample of size n. Here we restrict ourselves for the sampling schemes without replacement for further discussion. Simple random sampling is one of the simplest random sampling schemes and also widely used by applied workers in different walks of life. In the past, several other sampling schemes were suggested for selecting a random sample of size n from a finite population of size N including Linear Systematic Sampling by Yates [18] , Centered Systematic Sampling by Madaow [5] , Balanced Systematic Sampling by Sethi [9] Diagonal Systematic Sampling Schemes by Subramani [12, 13, 14] , Star Type Systematic Sampling by Subramani [15] and Determinant Sampling by Subramani and Tracy [11] . However, if there exist a linear trend among the population values, then the systematic sampling is recommended for selecting a random sample of size n , which gives a better estimator compared to simple random sampling.
Consequently several modifications have been made on the systematic sampling to achieve further improvements. For example, Madow [5] , Sethi [9] , Singh, Jindal and Garg [10] , etc. have suggested some modifications on the selection of a J. Subramani [7] , Sarjinder [8] and the references cited there in. In the case of linear systematic sampling (LSS), it is assumed that the population size N is a multiple of sample size n and there is no restriction on the sample size n . Recently Subramani [16] has introduced a modification on the selection of a systematic random sample of even size in the linear systematic sampling, called as modified linear systematic sampling (MLSS) scheme. He has also derived the explicit expressions for the MLSS sample means and the variance for certain hypothetical populations with a perfect linear trend among the population values and are compared with that of simple random sampling and linear systematic sampling schemes. Further it has been shown that the MLSS performs better than the simple random and the linear systematic sampling for estimating the finite population means in the presence of linear trend when the sample size is an even number. This has motivated the present study. In this study, a modification on the selection of systematic sample of odd size is made and the explicit expressions are derived for the modified linear systematic sample means together with the variance. Further it is shown that the proposed MLSS performs better than the usual systematic sampling and the simple random sampling for the populations with a perfect linear trend.
II. PROPOSED MODIFIED SYSTEMATIC SAMPLING SCHEME
The proposed modified systematic sampling scheme is explained here, firstly with the help of examples and later the generalized case. For the sake of simplicity and for the benefit of the readers, selecting a modified linear systematic sample of size n from a population of size Step 1: Arrange the 9 population units as given below: i j Step 2: Select two random numbers 4 1 The steps involved in selecting a modified linear systematic sample of odd size 1 2 + = m n from a population of size
, k is any positive integer are as follows:
matrix (see equation (6)). 2. The first k columns are assumed as Set 1 and the next k columns are assumed as Set 2. The first order inclusion probabilities are the same for both the systematic sampling and the modified systematic sampling schemes. However on the second order inclusion probabilities, the two units in the same column will get the same probability k 1 and 0 for the two units from different columns in the case of systematic sampling where as the two units in the same column of the first set will get k 1 ; two units from different sets will get 2 1 k and all other pairs will get 0 in the case of modified systematic sampling. However the differences between the systematic sampling and the modified linear systematic sampling schemes are as follows:
• In systematic sampling each population unit appears in one sample only whereas in modified systematic sampling each of the population units appears in k samples.
• The number of samples selected in systematic sampling is k samples where as in modified systematic sampling it is 2 k samples.
• The number of pairs of units appeared together in systematic sampling is 2 / ) 1 ( − n kn and all are distinct pairs where as it is
pairs are distinct in the case of modified systematic sampling. In general, for the given population size
, the selected modified systematic samples (labels of the population units) for the random starts i and j are given below:
( ) 
A. Population with a Linear Trend
In this hypothetical population, the values of
The method of obtaining the modified systematic sample means for the above hypothetical population with the random starts i and j are as given below:
Step1: Arrange the
matrix array as given below: 
Step 2: As stated earlier, the first k columns are assumed as Set 1 and the next k columns are assumed as Set 2.
Step 3: For the two random numbers i and j in between 
IV. A MODIFICATION ON MODIFIED LINEAR SYSTEMATIC SAMPLING
It has been shown that in Section 3.1, the modified linear systematic sampling performs better than the other sampling schemes including the systematic sampling and simple random sampling. However, the proposed sampling scheme is not completely trend free sampling (Mukerjee and Sengupta [6] ). Further improvement can be achieved by modifying the modified linear systematic sample means, as done in the case of linear systematic sample mean by introducing Yates [18] type end corrections.
A. Yates Type End Corrections
The modification involves the usual modified linear systematic sampling, but the modified sample mean is defined as For the hypothetical population defined in Section 3.1, after a little algebra we have obtained the value of α for the two random starts i and j given below: . That is, it becomes a trend free sampling (Mukerjee and Sengupta [3] ).
V. CONCLUSION
In this paper a new systematic type sampling scheme namely, modified linear systematic sampling (MLSS) scheme is introduced for the odd sample size. That is, the proposed sampling scheme can be used as an alternate to linear systematic sampling, when 
After a little algebra, the above equation can be written as 
